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In this study, the levels of the natural and artificial radioactivity in soil samples collected from surrounding of Karaman in
Turkey were measured. Activity concentrations of the concerned radionuclides were determined by gamma-ray spectrometry
using a high-purity germanium detector with a relative efficiency of 40 % at 1.332 MeV. The results obtained for the 238U series
(226Ra, 214Pb and 214Bi), 232Th series (228Ac), 40K and fission product 137Cs are discussed. To evaluate the radiological hazard of
radioactivity in samples, the radium equivalent activity (Raeq), the absorbed dose rate (D), the annual effective dose and the ex-
ternal (Hex) and internal hazard index (Hin) were calculated and presented in comparison with the data collected from different
areas in the world and Turkey.
INTRODUCTION
Concentrations of natural and artificial radionuclides
that have been found to depend on the local geologic-
al and geographical conditions differ from soil to soil,
although these radionuclides are widely distributed(1).
The knowledge of activity concentrations and distri-
butions of the radionuclides in these materials are of
greater interest since it provides useful information in
the monitoring of environmental radioactivity. To the
best of the knowledge, there is no information avail-
able about the radioactivity levels of Karaman in
Turkey.
The main objective of this paper is to determine the
activity concentrations of natural and artificial radio-
nuclides in the soil samples collected from the central
region of Karaman and to evaluate the radiological
hazard of the natural and artificial radioactivity The
results may be used as a reference data for monitoring
possible radioactivity pollutions in future as Turkey
will be operating a nuclear power reactor in this
region.
MATERIALS AND METHODS
Study area
Karaman lies between the longitude of 348040E to
328300E and the latitude of 378350N to 368300N and
connects the central Anatolia region to the Mediter-
ranean region of Turkey. It covers an area of 9163
km2 and has a population of 234 000(2). Karaman
is 1014 m above sea level and is well known for its
well-developed food industry because the geographic-
al structure of this region is suitable for agriculture.
Moreover, this region is 150 km away from Akkuyu
Nuclear Power Plant which will be built in Mersin,
Turkey.
Sample collection and preparation
Thirty soil samples were collected randomly from pre-
determined locations in the surrounding of Karaman.
The samples, each 2 kg in weight, were taken at the
depth of 15–20 cm, collected from uncultivated loca-
tions and well mixed after removing extraneous materials
such as roots, pieces of stones, pebbles etc. Thereafter,
samples were air dried naturally in the laboratory at
room temperature for 10 d followed by being sieved
through 2-mm mesh and were transferred to 1000-ml
Marinelli beakers. These samples were weighed, care-
fully sealed and stored for .30 d to attain 222Rn and
its short-lived daughter products into equilibrium
with 226Ra before counting. Thereafter, they were
transferred to the gamma-ray spectroscopy laboratory
at the Department of Physics, Akdeniz University,
Turkey.
Analytical methods
Natural and artificial radioactivity measurements of
the soil samples were carried out by a high-purity ger-
manium (HPGe) detector based on a gamma-ray
spectrometer [AMATEK-ORTEC (GEM40P4-83)].
The detector has a resolution of 768-eV full width at
half maximum (FWHM) at 122 keV for 57Co and
1.85-keV FWHM at 1332 keV for 60Co with a relative
efficiency of 40 %. The energy calibration of the spec-
trometer was performed using a mixed calibration
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source supplied by the Çekmece Nuclear Research
and Training Center (IAEA 1364-43-2) emitting
gamma rays in the energy range between 47 and 1836
keV with the same geometry as the samples. The
source contained 11 radionuclides in 1.3-gcc21 epoxy
matrix (210Pb, 241Am, 109Cd, 57Co, 139Ce, 203Hg,
113Sn, 85Sr, 88Y, 60Co and 137Cs). For statistical ana-
lysis, a 350 000-s spectrum was measured for the cali-
bration source with the minimum of 20 000 counts
under each full-energy peak for efficiency calibration
in EFFTRAN(3). Thereafter, efficiency versus energy
graph was plotted by using the following equation(4):
logð1Þ ¼ aþ b logðEgÞ þ c logðEgÞ2
þ d logðEgÞ3 ð1Þ
where 1 is the full-energy peak efficiency, Eg the
gamma-ray energy and a, b, c and d are the best fit
coefficients determined by the fitting algorithm.
Finally, efficiency values used in the activity concen-
tration calculation of the full-energy peaks were cal-
culated by using the above-mentioned equation.
Radiation hazard index calculations
238U and 232Th activity concentrations were deter-
mined from their daughter products indirectly, while
40K was determined directly by their gamma-ray
peaks. To determine the activity concentration of the
238U nuclide daughter nuclides 214Pb and 214Bi were
used, while the 228Ac concentration was chosen for the
parent 232Th. The gamma transitions of 351.9-keV
214Pb and 609.3-keV 214Bi were used to determine
the concentrations of 226Ra. The gamma transition of
911.2-keV 228Ac was used to determine the concen-
tration of 232Th and gamma transitions of 1461.0 keV
to determine the concentration of 40K.
Known radiation health hazard index analysis is
performed in order to get better and safer conclusion
on the health status of a radiated or irradiated person
and environment. Five quantities have been usually
used in order to determine the radiation effects asso-
ciated with the soil samples(5).
Absorbed dose rate (D)
To evaluate the external exposure from naturally oc-
curring radionuclides (238U, 232Th and 40K), the
absorbed dose rate due to gamma radiations in air at
1 m above the ground level was calculated by using
the conversion factor of 0.462 nGy h21/Bq.kg21 for
238U, 0.621 nGy h21/Bg.kg21 for 232Th and 0.0417
nGy h21/Bq.kg21 for 40K(6). The absorbed dose
(nGy h21) was calculated by the following formula:
D ¼ 0:462AU þ 0:623ATh þ 0:0417AK ð2Þ
where AU, ATh and AK are the activity concentrations
(Bq.kg21) of 238U, 232Th and 40K in soil samples,
respectively.
Radium equivalent activity index
The concentration and distribution of 238U, 232Th
and 40K found in samples collected from the study
area are not uniform. Radium equivalent activity
(Raeq), which is a common radiological index is com-
monly used to measure radiation hazards of these
radionuclides in single quantity(7):
Raeq ¼ ARa þ 1:43ATh þ 0:077AK ð3Þ
where ARa, ATh and AK are the activity concentrations
(Bq.kg21) of 226Ra, 232Th and 40K in the investigated
samples, respectively. In defining the Raeq activity
index according to the above equation, it is assumed
that 10 Bq.kg21 of 226Ra, 7 Bq.kg21 of 232Th and 130
Bq.kg21 of 40K produce the same gamma-ray dose
rate.
External (Hex) and internal (Hin) radiation hazard
indices
The other criteria to evaluate radiological suitability
of natural radionuclides for collected samples are
external and internal radiation hazard indices and these
indices are calculated by the following equations (8, 9):
Hex ¼ AU370 þ
ATh
259
þ AK
4810
ð4Þ
and
Hin ¼ AU185 þ
ATh
259
þ AK
4810
ð5Þ
where AU, ATh and AK are the activity concentrations
(Bq.kg21) of 238U, 232Th and 40K for soil samples
under investigation, respectively. The maximum
values of external (Hex) and internal (Hin) radiation
hazard indices should be less than unity.
Calculation of annual effective dose
One has to take into to conversion coefficient from absor-
bed dose in air to effective and the outdoor occupancy
factor in order to estimate the annual effective dose
(AED). According to United Nations Scientific Com-
mittee on the Effects of Atomic Radiation (UNSCEAR)
2000(6) reports, it is defined as follows(10, 11):
AED ¼ D DCF  OF  T ð6Þ
where AED is the effective dose rate in mSv y21, D is
described as the absorbed dose rate, DCF the dose
conversion factor (0.7 SvGy21), OF the outdoor
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occupancy factor (0.2) proposed by UNSCEAR
2000(6) and T the time factor in hours in 1 y (8760 h).
RESULTS AND DISCUSSIONS
Gamma activity of 238U, 232Th, 40K and 137Cs in soil
samples collected from 30 different locations from
Karaman are reported in Table 1. The range of activ-
ity concentrations of 238U, 232Th and 40K in soil sam-
ples under investigation varied from 15.52+0.22
Bq.kg21 (S7) to 46.01+ 0.39 Bq.kg21 (S24) with a
mean value of 28.25+0.29 Bq.kg21, from 12.64+
0.26 Bq.kg21 (S29) to 39.54+ 0.58 Bq.kg21 (S2)
with a mean value of 21.60+ 0.39 Bq.kg21, from
Table 1. The activity concentration of 238U, 232 Th series, 40K and 137 Cs in Bq.kg21 in soil samples.
Sample 238U 232Th 40K 137Cs
214Pb 214Bi
S1 24.93+0.29 24.71+0.30 35.15+0.53 379.53+3.12 4.03+0.17
S2 31.42+0.35 29.72+0.35 39.54+0.58 518.88+3.79 75.11+0.42
S3 23.75+0.29 22.95+0.30 29.27+0.43 353.93+3.12 3.29+0.16
S4 17.51+0.26 17.77+0.27 18.15+0.33 215.80+2.43 24.89+0.24
S5 21.45+0.28 21.38+0.31 28.29+0.46 362.92+3.13 40.42+0.31
S6 20.33+0.26 20.31+0.27 21.70+0.42 255.45+2.62 9.09+0.18
S7 15.52+0.22 16.03+0.23 29.62+0.41 290.25+2.78 40.05+0.29
S8 20.79+0.25 20.63+0.27 20.39+0.36 267.57+2.93 19.30+0.22
S9 24.16+0.28 24.05+0.28 16.48+0.41 279.58+2.90 20.04+0.26
S10 35.75+0.38 42.51+0.40 18.66+0.54 378.31+3.16 20.42+0.26
S11 18.10+0.24 18.20+0.25 23.07+0.37 526.93+3.54 11.78+0.18
S12 43.04+0.38 42.01+0.36 13.78+0.49 279.98+2.81 18.88+0.25
S13 36.96+0.33 36.25+0.33 13.75+0.31 258.21+2.54 15.63+0.21
S14 38.93+0.35 38.60+0.36 17.81+0.38 324.71+3.04 33.03+0.29
S15 15.55+0.23 15.63+0.24 23.48+0.41 336.89+2.84 22.97+0.24
S16 24.14+0.25 23.71+0.28 28.89+0.38 392.66+3.17 17.53+0.19
S17 35.14+0.31 34.31+0.32 16.62+0.33 448.66+3.61 21.53+0.22
S18 22.84+0.24 22.48+0.25 15.14+0.29 181.81+2.23 9.13+0.15
S19 20.60+0.27 20.80+0.28 24.23+0.39 503.65+3.53 22.32+0.26
S20 44.40+0.32 44.15+0.34 16.84+0.31 301.59+2.79 14.75+0.18
S21 28.71+0.28 28.36+0.29 20.31+0.35 566.31+4.02 19.90+0.22
S22 26.65+0.28 26.90+0.32 21.00+0.39 398.28+3.28 17.89+0.25
S23 42.34+0.31 41.60+0.33 14.05+0.28 265.74+2.55 20.22+0.20
S24 46.01+0.39 44.55+0.39 16.31+0.37 317.21+3.00 20.49+0.25
S25 41.37+0.35 39.93+0.37 19.69+0.37 280.44+3.11 7.53+0.16
S26 24.29+0.25 23.95+0.26 24.01+0.35 460.57+3.44 15.37+0.19
S27 29.31+0.27 28.57+0.29 26.50+0.37 309.60+2.92 12.25+0.17
S28 20.24+0.25 19.58+0.25 27.14+0.38 411.35+3.41 14.05+0.19
S29 21.75+0.23 21.49+0.24 12.64+0.26 139.98+1.93 26.28+0.22
S30 31.49+0.31 30.88+0.31 15.45+0.31 264.79+2.88 41.23+0.30
Range 15.52–46.01 15.63–44.55 12.64–39.54 139.98–566.31 3.29–75.11
Table 2. Concentrations of the natural radionuclides and 137Cs in soil samples from different parts of the world and Turkey,
compared with those of the present study (Bq.kg21).
Region 238U 232Th 40K 137Cs References
Fırtına Valley (Turkey) 11–188 10–105 105–1235 19–232 (10)
Erzincan (Turkey) 1–23 1.2–29.4 64.7–977.8 1.5–38.2 (13)
Karabu¨k (Turkey) 13– 31 14–34 204–572 – (14)
Batman (Turkey) 16–50 11–48 78–682 ND–57 (15)
Çanakkale (Turkey) 21.39–253.1 38.84–160.9 583.1–3307 2.04–72.26 (16)
Bu¨yu¨keceli (Turkey) 9.8–258.6 11.7–87.6 174.8–1949.5 0.4–72.2 (17)
Samsun (Turkey) 11–76 10–40 57–660 8–70 (18)
Karaman (Turkey) 36.1–106.1 12.6–39.5 139.9–566.3 3.29–75.11 This work
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139.98+1.93 Bq.kg21 (S29) to 566.31+4.02 Bq.kg21
(S21) with a mean value of 342.39+3.02 Bq.kg21, re-
spectively. The worldwide levels of naturally occurring
radionuclides in soils have an average of 35 Bq.kg21
for 238U, 30 Bq.kg21 for 232Th and 400 Bq.kg21 for
40K according to UNSCEAR 2000(2) report. The
137Cs activity ranged from 3.29+0.16 Bq.kg21 (S3)
to 75.11+0.42 Bq.kg21 (S2) with a mean value of
21.31+ 0.23 Bq.kg21 in this study. The origin of this
artificial radioactive isotope is assumed to be from
Chernobyl accident fallout or from nuclear tests in
the past. The data obtained for the cited radionuclides
Figure 1. Calculated values of the absorbed dose rate (D) (top), radium equivalent activity (Raeq) (middle) and AED in soil
samples (bottom).
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in the present work are compared with concentrations
from different parts of the world and Turkey in
Table 2.
The calculated Raeq values for above-mentioned
radionuclides ranged between 50.44 and 128.23 Bq.kg21
as shown in Figure 1. It is observed that radium equiva-
lent activity for the soil samples studied in the present
study is lower than the maximal admissible limit of
370 Bq.kg21 recommended by the Organization for
Economic Cooperation and Development ( 1979)(12)
and it may be said that this studied region has no sig-
nificant health threat according to the findings of this
study.
The absorbed dose rate varied from 23.64 to 60.8
nGy h21 with an average value of 42.25 nGy h21.
Whereas, the AED ranged from 74.57 to 28.98 mSv y21
with an average value of 51.82 mSv y21, which are quite
lower than the world average AED from outdoor terres-
trial gamma radiation that is 460 mSv y21 (6).
The results of Hex and Hin based on the criterion
equations (Equations 4 and 5) are shown in Figure 2.
External and internal radiation hazard indices varied
from 0.34 and 0.43 (S2) to 0.13 and 0.19 (S29). The
mean values for external (0.24) and internal hazard
(0.32) indices in this present study were less than
unity. Thus, these results indicate that the soil col-
lected from the studied area is considered to be safe
and can be used as a construction material without
posing any significant health risk to the population.
Table 3 represents the statistical data corresponding
to the activities measured for 238U, 232Th, 40K and
137Cs in soil samples done by using SPSS computer
software. The arithmetic and geometric mean values,
standard deviation, skewness (the degree of deterior-
ation of symmetry), kurtosis (degree of peakness)
coefficient and the type of theoretical frequency distri-
bution that best fits each empirical distribution are
listed in Table 3. Figure 3 shows the corresponding
frequency distribution of the activities detected for
above-mentioned radionuclides. It can be easily vie-
wed from Table 3 that the positive values of skewness
calculated for activity concentrations of 238U, 232Th,
40K and 137Cs (0.535, 0.878, 0.419 and 2.144, respect-
ively) displayed the asymmetric distribution with the
Figure 2. Calculated values of external (top) and internal (bottom) radiation hazard indices in soil samples.
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right tail being longer than the left as can be seen in
Figure 3. Similarly, the positive values of kurtosis co-
efficient of 232Th and 137Cs (0.452 and 6.748, respect-
ively) indicated a higher and narrower distribution
than normal. Whereas the negative values calculated
for the kurtosis coefficient of 238U and 40K (20.039
and 20.228, respectively) denoted the lower and
asymmetric distributions. As for geometric means
and standard deviations of the radionuclides, these
values were in the descending order of 40K (326.84+
105.13) . 238U (26.86+ 9.33) . 232Th (20.69+
6.72) . 137Cs (17.70+14.46). Consequently, the
log–normal distribution of the above-cited radionu-
clides was obtained.
According to one-way ANOVA test ( p ¼ 0.001),
significant differences were detected among 238U,
Table 3. Statistical values of radioactivity concentrations of 238U, 232Th, 40K and 137Cs (Bq.kg21) in soil samples under
investigation.
Statistic data 238U 232Th 40K 137Cs
Arithmetic mean 28.25bA 21.598bA 342.386aA 21.313bA
Geometric mean 26.86bB 20.69cB 326.84aB 17.70dB
Arithmetic standard deviation 9.167 6.651 103.935 13.989
Geometric standard deviation 9.33 6.72 105.13 14.46
Skewness 0.535 0.878 0.419 2.144
Kurtosis 21.039 0.452 20.228 6.748
Frequency distribution Log-normal Log-normal Log-normal Log-normal
Values followed by different superscript lower case letters in the same row differ significantly at p , 0.05 and by different
capital letters in the same column differ significantly at p , 0.05.
Figure 3. The frequency distribution of the activity of (a) 238U, (b) 232Th, (c) 40K and (d) 137Cs.
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232Th, 40K and 137Cs concentrations. Post hoc (Duncan)
test was applied to calculate the source of significant dif-
ferences. The outcomes obtained from the test for these
radionuclides are shown as follows: there were statistic-
ally significant differences between 40K and the other
radionuclides (p, 0.05) as given in Table 3. At the
same time, the results of statistical analysis show that
there is no interaction among 238U, 232Th and 137Cs
(p. 0.05). Furthermore, it was determined that there
were statistically (p, 0.05) significant differences
between arithmetic and geometric means of each radio-
nuclide as seen in Table 3.
The relationships among radionuclides in soil
samples have been determined using the Pearson’s
correlation coefficients (see Table 4). Table 4 has
shown that there was a negative correlation and a sig-
nificant difference at 95 % confidence interval between
238U and 232Th concentrations according to Pearson’s
correlation test. In addition, the strong interaction was
also observed between 232Th and 40K concentrations
(p , 0.01).
CONCLUSIONS
In this paper, the levels of natural and artificial radio-
activity in soil samples collected from surrounding of
Karaman in Turkey by using an HPGe detector were
determined. The activity concentrations of naturally
occurring radionuclides namely 238U, 232Th, 40K and
artificial radionuclide, 137Cs have been obtained and
the radium equivalent activity, the absorbed dose
rate, the AED, the external and internal hazard index
have been calculated. The present data have been
compared with the data obtained from different areas
in Turkey and the internationally reported values as
well as the reference values.
The results reveal that the average dose rates do not
exceed the average national and world recommended
values and do not pose a significant health hazard.
The data obtained in this study can be used for com-
parison in future investigations and may be useful for
preparing a radiological map of the area. The results
may be also used as reference data for monitoring
possible radioactivity pollutions in future as Turkey
will be operating a nuclear power reactor in this
region.
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